Introduction {#S0001}
============

The B7-H3 molecule has two subtypes, 2IgB7-H3 and 4Ig B7-H3, and the human B7-H3 molecule includes both subtypes, with 4IgB7-H3 as the predominant subtype in human tissues.[@CIT0001] Northern blot analysis revealed that B7-H3 is encoded by 4.1 kb mRNA, which is widely expressed in human tissues, but is limited in B7-H3 protein expression.[@CIT0002] There is an aberrant expression of B7-H3 molecules in both tumor cells and interstitial cells.[@CIT0003]--[@CIT0008] cancer-associated fibroblasts (CAFs) are mainly derived from five types of cells,[@CIT0009]--[@CIT0011] mainly expressing α-smooth muscle actin, vimentin and fibroblast activation protein,[@CIT0012]which are the main components of host cells in the tumor microenvironment.[@CIT0013] Several studies have highlighted that CAFs can enhance tumor proliferation, invasion and metastasis by means of releasing multiple cytokines.[@CIT0014]--[@CIT0017]

Renal cancer is a relatively common malignant carcinoma, accounting for 2--3% of adult malignant tumors.[@CIT0018],[@CIT0019] A distinctly worrying statistic revealed that approximately 20--30% of patients are found to have distant metastases when initially diagnosed with renal cancer.[@CIT0020],[@CIT0021] The currently existing treatment options for renal cancer have low sensitivity toward radiotherapy and chemotherapy, leaving patients with high risk of recurrence following surgery and therefore the overall survival rate of patients with renal cancer remains low.[@CIT0022],[@CIT0023] Due to the above dilemma, there is an urgent need in finding a new and improved therapeutic approach in forms of tumor gene therapy or immunotherapy for the treatment of kidney cancer.

Previous studies have linked the high expression of B7-H3 with an increase in the probability of tumor cell metastasis and increased chance of recurrence following surgery. At present, there is no research on the biological behavior and mechanism of B7-H3^+^CAFs on renal cancer cells. Our study used shRNA-mediated gene silencing to study the biological function of B7-H3 on CAFs, and further elucidated the progression of renal cell carcinoma through changes in the biological function of CAFs.

Methods {#S0002}
=======

Ethics statement {#S0002-S2001}
----------------

All related experiments had been approved and supervised by the Ethics Committee of the First Affiliated Hospital of Soochow University and all patients enrolled in the study had signed written informed consent. Each procedure was performed in strict accordance with the Declaration of Helsinki. The animal experiment is in strict accordance with the "Guiding Opinions on the Treatment of Experiment of Animal" and the "Administrative Measures for Laboratory Animals in Jiangsu Province."

Tumor tissue samples {#S0002-S2002}
--------------------

Ten renal cancer tissue specimens were obtained via radical nephrectomy at the First Affiliated Hospital of Soochow University between June 2016 and August 2016. None of the patients received preoperative chemotherapy or radiotherapy before the surgery. All patients were confirmed by pathological diagnosis.

Preparation of single cell suspension of renal cancer tissue {#S0002-S2003}
------------------------------------------------------------

Fresh renal cancer tissue was placed in a six-well plate, and washed with PBS (HyClone, USA) for the removal of blood clots, fat and capsule. After additional rinsing, the tissue samples were cut with scissors, followed by the removal of PBS and the addition of type IV collagenase solution 2 mL (Thermo Fisher Scientific, USA). The six-well plate was incubated under 37°C, in CO~2~ incubator for 1.5 hrs, followed by the addition of 1 mL of medium to stop digestion. A 300-mesh stainless steel filter sieve was placed in the culture dish, and the tissue in the well was transferred to a filter sieve for thorough grinding, followed by rinsing with PBS. The filtrate was filtered to a centrifuge tube, filtered through a cell sieve, centrifuged for 5 mins then discarded. The supernatant was removed, and the lower layer pellet was resuspended in PBS to 1 mL and stored in a refrigerator at 4°C.

Cell culture {#S0002-S2004}
------------

Human renal cancer cell line (A498) and CAFs cell line were purchased from the Chinese Academy of Sciences cell bank. RPMI1640 and DMEM high glucose medium (Gibco, USA) containing 10% FBS (Gibco, USA) and 1% penicillin and Streptomyces (Beyotime, People\'s Republic of China) mixture, respectively, cultured in a 37°C, 5% saturated humidity incubator.

Flow cytometry for detection of CD29 and B7-H3 (CD276) expression in renal cell carcinoma tissue {#S0002-S2005}
------------------------------------------------------------------------------------------------

50 μL of tumor cell suspension in the flow tube of No. 1--5 was added to flow antibody 2 μL, respectively. The entire process was performed on ice. The flow scheme was conducted as follows: tube No. 1 was the blank control tube, tube No. 2 was added to PE/Cy7 CD45, tube No. 3 was added to APC CD29, tube No. 4 was added to PE/Cy7 CD45+APC CD29 and tube No. 5 was added to PE/Cy7 CD45+APC CD29+PE CD276 (Biolegend, USA). Once each tube was thoroughly blown, incubation was carried out in a refrigerator at 4°C for 30 mins. The flow tube was removed, and each tube was added with 1 mL of PBS, and centrifuged, with the supernatant discharged, and resuspended to 500 μL with PBS, and detected by flow cytometry.

Cell transfection {#S0002-S2006}
-----------------

The silencing of B7-H3 sequences was designed by Shanghai GeneChem Co. Ltd. (Shanghai, People\'s Republic of China) and hU6-MCS-Ubiquitin-EGFP-IRES-puromycin as plasmid vector. Endogenous B7-H3 expression in CAFs cells was knocked down with siRNA with the following target sequence: the sense sequence is 5-GUGCUG-GAGAAAGAUCAAATT-3, and the anti-sense sequence is 5-UUUGAUCUUUCUCCAGCACTT-3. The cells were seeded in 6-well plates, 24 hrs after the cell attachment, the virus liquid was mixed in the culture medium. The cells were screened with puromycin dihydrochloride (2 µg/mL; Amresco, USA) 72 hrs later. After 3 days post-transfection, 90% of the cells were transfected by observing the expression of green fluorescent protein (GFP)P. There were respective two experimental groups for CAFs cells: cells transfected with lentivirus-mediated shRNA-targeted B7-H3 were named CAFs-shRNA cells, while cells transfected with lentivirus-mediated shRNA (negative control, NC) were named CAFs-NC cells.

CAFs-shRNA cell proliferation assay {#S0002-S2007}
-----------------------------------

The differences in proliferation between CAFs-shRNA and CAFs-NC cells were determined by CCK8 assay (Dojindo, Japan). The two groups of cells were inoculated into a 96-well plate at 4×10^3^ cells/well, and cultured in a 37°C, 5% saturated humidity incubator. The OD values were measured at four different time points at 0, 24, 48 and 72 hrs at 450 nm.

CAFs-shRNA cell apoptosis and cycle assay {#S0002-S2008}
-----------------------------------------

Apoptosis detection was performed using the Annexin V-PE Apoptosis Detection Kit (BD, USA). CAFs-shRNA and CAFs-NC cells were infected for 1 week, trypsinized, centrifuged, resuspended in PBS, stained with Annexin V-PE/PI and detected by flow cytometry. Cell cycle assays were performed using a PI staining kit (BD, USA). Cellular DNA content was detected on the basis of the relative proportion of cells at the G1/G0, S, and G2/M phases of the cell cycle.

Western blot {#S0002-S2009}
------------

CAFs-shRNA cells and CAFs-NC cells were separately added to 100 µL of lysate (Beyotime, People\'s Republic of China) for 30 mins on ice, after which centrifugation was conducted at 4°C to obtain the supernatant. The supernatant was then mixed with SDS protein loading buffer at 100°C for 10 mins. Next, a 30 µg protein sample was electrophoresed on 10% SDS-PAGE gel and transferred onto a PVDF membrane. The PVDF membrane was blocked with 5% skim milk prepared in TBST for 1 hr at room temperature, and incubated with a specific primary antibody, including B7-H3, Bcl-2, Bax, Apaf1, cytochrome C, caspase-3, *P*-AKT, AKT, cyclin D1 (CST, USA) overnight at 4°C. Subsequently, three wash sessions were performed using TBST (5 mins each time). Horseradish peroxidase (HRP)-conjugated secondary antibody was incubated for 1 hr at room temperature, with the membrane washed and developed accordingly.

Real-time PCR {#S0002-S2010}
-------------

After 2 weeks of culture of CAFs-shRNA cells and CAFs-NC cells, total RNA was extracted from each group of cells using Trizol (Beyotime, People\'s Republic of China), with the absorbance ratio of the sample RNA measured at wavelengths of 260 and 280 nm. The purity and concentration were then measured. Reverse transcription of RNA into cDNA was performed using the Takara Reverse Transcription Kit, 20 µl system, with the target gene detected by real-time PCR.

A498 cell proliferation assay {#S0002-S2011}
-----------------------------

The effects of CAFs-shRNA and CAFs-NC cells on the proliferation of the A498 cells were determined using a CCK8 assay. The lower chamber of Transwell 96-well plate was inoculated with A498at 4×10^3^ cells/well, and 1.0×10^4^ CAFs-shRNA and CAFs-NC cells were added to the upper chamber, and cultured at 37°C in a 5% saturated humidity incubator. The absorbance was measured at 450 nm at 0, 24, 48 and 72 hrs.

Invasion and migration assay {#S0002-S2012}
----------------------------

During the migration test, CAFs-shRNA and CAFs-NC cells were inoculated into the Transwell (Corning, USA) lower chamber at 2.5×10^4^ cells/well overnight. Then, the culture medium was replaced with serum-free medium the next day. Renal cell carcinoma cells were diluted to 1×10^6^ cells/mL in serum-free medium, with 200 µL added to the upper chamber. After incubation in a 37°C incubator for 24 hrs, 5% paraformaldehyde was used to fix the chamber for 15 mins. Crystal violet staining was performed over a period of 10 mins, with the cells failing to pass wiped with a cotton ball. Five fields were taken from the top, bottom, left and right of the microscope, photographed and statistically analyzed. During the invasion test, CAFs-shRNA and CAFs-NC cells were inoculated into the Transwell lower chamber at 2.5×10^4^ cells/well. Matrigel (Corning, USA) was pre-plated on the bottom membrane of the upper chamber. The A498 cell suspension was then added, and cultured at 37°C in an incubator for 24 hrs. The cells were fixed and stained. With five fields of view from top to bottom, left and right obtained, the cells were photographed, and analyzed statistically.

Tumor growth in vivo {#S0002-S2013}
--------------------

CAFs-shRNA cells and CAFs-NC cells (1.0×10^6^ cells) were mixed with A498 cells (1.0×10^6^ cells), respectively, and subcutaneously injected into 8-week-old male BALB/c nude mice. There were a total of eight mice, with 4 mice in each group. Tumor size was recorded every 3 days. The tumors were collected approximately 6 weeks after injection.

Statistical analysis {#S0002-S2014}
--------------------

Mapping and data analyses were performed using Flowjo-V10, GraphPad Prism 7.0 and SPSS 23 statistical software. Experimental data were expressed as mean±SD. The mean comparison between the two groups was performed by two-tailed Student's *t*-test test with *p*\<0.05 considered as statistically significant.

Results {#S0003}
=======

CAFs expressing B7-H3 molecules were found in renal cell carcinoma tissue {#S0003-S2001}
-------------------------------------------------------------------------

CD45-negative and CD29-positive were used for flow cytometry in order to demonstrate the presence of a panel of B7-H3 expressing fibroblasts in renal cell carcinoma. The flow cytometric analysis of single-cell suspensions of renal cell carcinoma revealed that there is a group of B7-H3^+^CAFs among the renal cell carcinoma tissues ([Figure 1](#F0001){ref-type="fig"}). Figure 1Flow cytometric analysis of cell surface B7-H3 expression levels of CAFs in renal cell carcinoma. **(A)** FS-SS scatter plot to circle large cell populations and remove dead cells; **(B)** circle out cell populations that do not express CD45; **(C, D)** Isotype control; **(E)** the double positive region is B7-H3^+^CAFscells, which is about 65.3%.

Transfection efficiency verification {#S0003-S2002}
------------------------------------

After transfecting CAFs cells with B7-H3-shRNA and negative control virus, green fluorescence was observed in the cytoplasm. The results obtained from fluorescence microscopy showed that the transfection efficiencies of the B7-H3-shRNA and negative control virus, which both exceeded 90%, were satisfactory ([Figure 2A](#F0002){ref-type="fig"}). Flow cytometry was used to detect B7-H3 protein in CAFs cells for assessing whether B7-H3-shRNA effectively silences B7-H3 expression in CAF cells. As shown in [Figure 2B](#F0002){ref-type="fig"}, the expression of B7-H3 protein in the experimental group was 14.4%. Subsequently, total protein was extracted from CAFs cells, and B7-H3 expression in cell lysates was analyzed by Western blot. As shown in [Figure 2C](#F0002){ref-type="fig"}, a significant decrease in B7-H3 protein expression was observed after transfection with B7-H3-shRNA in comparison to the cells from the control group. Simultaneously, the expression level of B7-H3 mRNA was lower than that of the CAFs-NC group ([Figure 2D](#F0002){ref-type="fig"}). Therefore, the CAFs-shRNA stable line, named CAF-shRNA cells, was used for further analysis. Figure 2**(A)** The transfection efficiencies observed of cancer-associated fibroblasts (CAFs) using fluorescence microscopy; **(B)** B7-H3 expression levels detected in CAFs by flow cytometry; **(C)** B7-H3 expression levels in CAFs detected by Western blot; **(D)** B7-H3 mRNA level determined by Q-PCR. \**P*＜0.05.

B7-H3 silencing reduced CAFs cell proliferation and induces apoptosis {#S0003-S2003}
---------------------------------------------------------------------

CCK-8 assay was performed for the detection of the potential effect of RNAi-mediated downregulation of B7-H3 on CAFs cell growth. In [Figure 3A](#F0003){ref-type="fig"}, the results show that CAFs-shRNA cell growth rate is significantly reduced on day 2 as compared to CAFs-NC cells (*p*\<0.01). In [Figure 3B](#F0003){ref-type="fig"}, flow cytometry analysis results revealed that CAFs-shRNA cells were arrested at the G0/G1 phase of the cell cycle in comparison to CAFs-NC cells (52.391±0.923 and 24.446±0.698, *p*\<0.01). The percentage of S+G2/M phase in CAFs-shRNA cells was lower than that in CAFs-NC cells (44.353±2.601 and 79.121±4.502, *p\<*0.01). These results demonstrated that in the event that B7-H3 expression was decreased, the percentage of G0/G1 increased and the proportion of S+G2/M was decreased. Those findings suggested that B7-H3 gene silencing resulted in G0/G1 arrest and ultimately inhibiting CAFs proliferation. At the same time, Annexin V-PE/PI double staining was applied to detect apoptosis. The percentage of early apoptosis of CAFs-shRNA was higher than that of CAFs-NC (25.567±7.023 and 4.083±1.499, *p\<*0.05). There was no significant difference regarding the apoptosis rate between the two groups (2.187±1.007 and 4.243±0.996, *p*\>0.05). The experimental data suggested that downregulation of B7-H3 expression could potentially induce CAF apoptosis. Figure 3Silencing B7-H3 reduces cancer-associated fibroblasts (CAFs) proliferation and induces apoptosis. **(A)** Viability measured by cck8 assay in CAFs cells; **(B)** cell cycle distribution and cell apoptosis of CAFs cells were identified by flow cytometry. \**P*＜0.05; \*\**P*＜0.01.

Changes in genes and related protein molecules after B7-H3 silencing {#S0003-S2004}
--------------------------------------------------------------------

The changes that occurred following the silencing of B7-H3 molecules by gene chip method were analyzed in signaling molecules in CAF cells. Based on the findings, B7-H3 signal could potentially lead to the upregulation of 4,531 genes and the downregulation of 3,677 genes ([Figure 4A](#F0004){ref-type="fig"}). Compared with the control group (NC), many signal molecules were changed in the experimental group. For example, the expressions of *p*-akt, bcl-2, cyclin D1 and HGF were downregulated and the expressions of Bad and caspase-3 were upregulated. Based on these results, we conducted further experiments to determine the underlying molecular mechanism by which B7-H3 signaling confers its anti-apoptotic effect.Figure 4**(A)** Silencing B7-H3 molecular expression leads to differential gene expression analysis in cancer-associated fibroblasts (CAFs ); **(B)** B7-H3 regulates protein expression levels of apoptosis-related proteins.

To further investigate the composition of B7-H3 gene silencing on CAF apoptosis and the periodic signaling pathway, Western blot analysis was performed to detect apoptosis and expression of cell cycle-related proteins. The results revealed that there was an increase in pro-apoptotic Bax, decrease of anti-apoptotic Bcl-2 and cell cycle associated cyclin D1, decrease of Apaf-1 and cytochrome C, and activation of caspase-3 all in comparison to controls. Furthermore, the knockdown of B7-H3 decreased AKT phosphorylation, but did not affect total AKT protein expression level in CAFs-shRNA cells ([Figure 4B](#F0004){ref-type="fig"}).

A link of CAFs-shRNA to tumor cell proliferation, migration and invasion {#S0003-S2005}
------------------------------------------------------------------------

CCK-8 assay was performed to detect the effect of CAFs-shRNA on the proliferation of A498 cells. As shown in [Figure 5B](#F0005){ref-type="fig"}, the proliferation of CAFs-shRNA+A498 cells was significantly reduced (*p\<*0.05) compared to that of CAFs-NC+A498 cells. Next, Transwell method was used to evaluate the effect of CAFs-shRNA on A498 migration and invasion. As shown in [Figure 5C](#F0005){ref-type="fig"}, the migration and invasion ability of CAFs-shRNA cells of A498 was lower than that of CAFs-NC cells (*p\<*0.05). These findings suggested that CAFs-NC promotes motility and invasion of A498 cells. A xenograft tumor model of BALB/c nude mice was established by injecting stable CAFs-shRNA+A498 cells and CAFs-NC+A498 cells into the bare groin to confirm the function of B7-H3 in vivo renal cancer. The size of the tumor volume is shown in [Figure 5D](#F0005){ref-type="fig"}. The results showed that the tumor volume of nude mice injected with CAFs-shRNA+A498 cells was smaller than that of nude mice injected with CAFs-NC+A498 cells (*p*\<0.001). Our data indicate that silencing of the B7-H3 gene on CAFs leads to inhibition of tumor growth. After Western blot analysis, we observed a decrease in hepatocyte growth factor (HGF) protein and stromal cell-derived factor-1 (CXCL12) protein relative to controls ([Figure 5A](#F0005){ref-type="fig"}). Figure 5Effect of cancer-associated fibroblasts (CAFs)-shRNA on proliferation, migration and invasion of A498 cells. **(A)** B7-H3 regulates protein expression levels of hepatocyte growth factor (HGF) protein and stromal cell-derived factor-1 (CXCL12) protein; **(B)** CAFs-shRNA cells inhibit the proliferation of A498 cells; **(C)** CAFs-shRNA reduces migration and invasion of A498 cells; **(D)** effect of CAFs-shRNA on renal cell carcinoma in vivo. \**P*＜0.05; \*\**P*＜0.01; \*\*\**P*＜0.001.

Discussion {#S0004}
==========

As an immunomodulatory molecule, B7-H3 plays multiple roles in different types of human tumors.[@CIT0024] Moreover, the role of B7-H3 in tumor immunity is complex due to the co-stimulatory and co-suppressive effects of T cells.[@CIT0025],[@CIT0026] The present study was conducted with the main focus on the association between B7-H3^+^CAFs and tumor progression in renal cancer.

In this study, we first explored the effects of B7-H3 on the biological function of CAFs. According to the results, B7-H3 gene silencing significantly inhibits cell proliferation, increases apoptosis, inhibits cell cycle, and decreases expression of HGF protein and stromal cell-derived factor-1 (Cxcl12) protein. Previous study has confirmed that CAFs can promote tumor cell proliferation, invasion, metastasis and angiogenesis.[@CIT0027] CAFs apoptosis could provide a therapeutic option for tumors base on previous studies, Bcl-2 blocks apoptosis by preventing pro-apoptotic molecules from mitochondria into the cytosol, while Bax promotes apoptosis by inducing mitochondrial outer membrane permeabilization.[@CIT0028]--[@CIT0030] Bax/Bcl-2 ratio controls the ultimate sensitivity to cell death stimuli.[@CIT0031] Apaf-1 plays an important role in the mitochondrial pathway, as it facilitates several processed, including the formation of apoptotic bodies with cytochrome C and dATP, activation of caspase-3 and inducing cell apoptosis.[@CIT0032] Our study found that the transfection of CAFs cells with B7-H3-shRNA results in a decrease in the anti-apoptotic protein Bcl-2, while increasing the pro-apoptotic protein Bax and the Apaf-1 protein and cytochrome C protein. An increase in level of pro-apoptotic proteins and/or decreased anti-apoptotic proteins could lead to apoptosis. Moreover, there exist complex links between cell cycle and cell apoptosis. Generally, cell cycle arrest is followed by the apoptosis of cells.[@CIT0033] In the present study, B7-H3 gene silencing blocked the conversion of cyclin D1 from G0/G1 to S and G2/M, and decreased cyclin D1 expression.

The effect of B7-H3^+^CAFs on the aggressive behavior of renal cell carcinoma cell line (A498) was explored. Our in vitro demonstrated that B7-H3^+^CAFs plays a significant role in tumor growth and metastatic progression. The orthotopic xenograft tumor model of nude mice was also established to further confirm the effect of B7-H3^+^CAFs on the growth of tumors in vivo. The results indicated that CAFs-shRNA facilitates the decline in growth rate of xenografts in vivo and has a potent therapeutic effect against tumor cells. Western blot analysis showed that the expression of HGF protein and stromal cell-derived factor-1 (Cxcl-12) protein decreased as compared with the control group. Previous study has reported that CAFs could secrete HGF and promote tumor development.[@CIT0034] Simultaneously, Cxcl-12 secreted by CAFs binds to CXCR4 and mediates cancer cell growth and mitosis through transcription-dependent or non-transcription-dependent pathways, promoting cell proliferation and invasion and metastasis.[@CIT0035]--[@CIT0037]

The AKT pathway plays a significant role in several biological functions in various human cancers. The downregulation of AKT expression could inhibit tumor cell proliferation and increase apoptosis,[@CIT0038] while the downstream targets of AKT have been identified as the molecules correlated with apoptosis, such as Bcl-2 and caspase-3.[@CIT0039] The increase of AKT activation and apoptosis protein could increase the permeability of mitochondrial membrane.[@CIT0040] The combination of cytochrome C and apaf-1 stimulated the activation of caspase-3.[@CIT0032] In this study, B7-H3-shRNA induced B7-H3 gene silencing inhibited AKT phosphorylation. We also found that inhibition of AKT phosphorylation through the silencing of B7-H3 suggests that B7-H3 inhibition might be responsible for reducing the expression of HGF protein and Cxcl12 protein in CAFs cells through the AKT pathway, increasing apoptosis and preventing cell cycle process. These results suggest that there could be a potential correlation between B7-H3 and AKT signaling pathway.

In conclusion, this study found that B7-H3^+^ CAFs are associated with tumor progression in renal cell carcinoma and might be a potential target for the treatment of human renal cell carcinoma in the future. However, our study had limitations due to lack of experimental funds and laboratory conditions. In addition, this study was performed in tumor-forming experiments, and there were no further animal experiments performed for further confirmation. Therefore, these key points, along with the specific molecular mechanism of B7-H3, are worth exploring in future studies on a larger scale.
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